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1
MULTI-USER DISPARATE SYSTEM
COMMUNICATIONS MANAGER

BACKGROUND

This disclosure generally relates to methods for controlling
the transmitting of data messages to and from systems (e.g.,
an aircraft) and disseminating that information to the appro-
priate user.

Various systems may request information from other sys-
tems of interest in order to obtain information that may be
relevant to the requestor’s needs. The information retrieved
from systems of interest may involve specific state, environ-
ment or event information that is useful for particular appli-
cations of the requesting system. Multiple systems may have
an interest in different information from the same systems of
interest. The transmission criteria for this information may
overlap depending on the specific information requested.
This criteria may include periodic reporting, event reporting,
or reports that are done upon demand from requestors. For
example, aircraft transmit messages on a periodic basis, in
response to specific events on board the aircraft and on-
demand from the flight crew or ground system. Additional
messages are also available that provide information relevant
to aircraft (e.g., surveillance data). The ordering, delivery
method, content and timing of the messages define a messag-
ing profile. There are many different sets of messages that
may support particular services, with each service potentially
having different messaging needs. In order to fulfill a real-
time efficiency analysis, a specific messaging profile is
required.

U.S. patent application Ser. No. 13/424,661 (the disclosure
of which is incorporated by reference herein in its entirety)
discloses means for enabling real-time efficiency monitoring
and delta efficiency calculations between various user- or
system-selected phases of flight by determining an efficiency
measuring-promoting messaging profile index (MPI) that is
translated into a messaging profile. That messaging profile is
then used to obtain necessary flight and other information
from one or more systems of interest (SOI), such as aircraft.
Basically a higher-efficiency MPI translates to more messag-
ing required between an aircraft and the ground system,
ground system to ground system or between an aircraft and
other aircraft.

There are many cases, however, where users are not aware
of other messaging that may exist with a particular system of
interest, and requests from some users may cause information
that another user is dependent on to stop being reported, or
may result in additional/different information being returned
that is in a format, frequency or type not expected by the user
requesting the information.

There is a need for systems and methods that solve the
problem of how multiple users (applications, systems, etc.)
can request data from the same system of interest (e.g., an
aircraft), while ensuring that one user’s data request does not
impact other users’ data requests.

SUMMARY

The subject matter of this disclosure relates to a computer-
based communications management system for managing
multiple requests made by different users, in abstract or gen-
eralized formats, for data to be provided by various systems of
interest. This computerized system is programmed to perform
operations which ensure that requests from different users do
not interfere with each other and that all information
requested from the system of interest is retrieved without
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missing or additional (i.e., not requested) information. Addi-
tionally, the system accommodates the functional differences
between various systems of interest, and also uses relevant
related data from other systems of interest to achieve greater
data usefulness.

One aspect of the subject matter disclosed in detail below is
a communications management system comprising a com-
puter system programmed to execute the following opera-
tions: (a) store information representing data and the status of
various systems of interest in computer memory; (b) receive
user requests from one or more users seeking information
regarding a system of interest; (c) determine whether a user
request from a first user seeks information that is stored in the
computer memory or information that is not stored in the
computer memory; (d)ifa determination is made in operation
(c) that the user request from the first user seeks information
that is not stored in the computer memory, then create a
messaging profile for messaging to obtain information from
at least the system of interest; (e) determine whether the
messaging profile conflicts with currently scheduled messag-
ing requesting information regarding the system of interest or
not; and (f) if a determination is made in operation (e) that the
messaging profile is in conflict with currently scheduled mes-
saging regarding the system of interest, then execute a conflict
resolution process. The conflict resolution process is capable
of determining whether the conflict can be resolved without
affecting other messaging or not. If the conflict resolution
process determines that the conflict cannot be resolved with-
out impacting other messaging, the conflict resolution pro-
cess is further capable of formulating a replan comprising a
revised messaging profile, the replan being formulated to
meet the messaging needs and requirements for users and the
system of interest. In accordance with one implementation,
the replan formulation comprises merging conflicting
requests for information, the results of the merger being
included in the revised messaging profile, or substituting one
conflicting request for information for another conflicting
request for information, the results of the substitution being
included in the revised messaging profile.

In accordance with further aspects, the computer system is
further programmed to execute the following operations: (g)
construct one or more messages requesting information in
accordance with the revised messaging profile; (h) send the
one or more messages requesting information to the system of
interest and any more messages requesting information to one
or more other systems of interest; (i) receive information
responsive to the sent messages; (j) filter out from the
received information any system information not relevant to
individual user requests; and (k) send the relevant informa-
tion remaining after filtering to each requesting user.

Another aspect of the disclosed subject matter is a commu-
nications management system comprising a computer system
programmed to execute the following operations: (a) store
information representing the status of various systems of
interest in computer memory; (b) receive user requests from
one or more users seeking information regarding a system of
interest; (c) determine whether a user request from a first user
seeks information that is stored in the computer memory or
information that is not stored in the computer memory; (d) if
a determination is made in operation (c) that the user request
from the first user seeks information that is not stored in the
computer memory, then create a messaging profile for current
and future messaging to obtain information from at least the
system of interest; (e) construct one or more messages
requesting information; (f) send the one or more messages
requesting information to the system of interest and any more
required messages requesting information to one or more
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other systems of interest; (g) establish or update rules for
continued processing of the future messaging for one or more
systems of interest; (h) construct one or more messages
requesting information in accordance with the rules for con-
tinued processing as appropriate; and (i) send the one or more
messages requesting information to the system of interest and
any more messages requesting information to one or more
other systems of interest.

A further aspect is a method, performed by a computer
system, comprising: (a) storing information representing the
status of various systems of interest in computer memory; (b)
receiving user requests from one or more users seeking infor-
mation regarding a system of interest; (c) determining
whether a user request from a first user seeks information that
is stored in the computer memory or information that is not
stored in the computer memory; (d) creating a messaging
profile for messaging to obtain information from at least said
system of interest if it was determined that the user request
from the first user seeks information that is not stored in the
computer memory; (e) determining whether said messaging
profile conflicts with currently scheduled messaging request-
ing information regarding said system of interest or not; and
(1) executing a conflict resolution process if it was determined
that said messaging profile is in conflict with currently sched-
uled messaging requesting information regarding said system
of interest.

Other aspects are disclosed and claimed below.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will be hereinafter described with
reference to drawings for the purpose of illustrating the fore-
going and other aspects of the invention.

FIG. 1 is a diagram showing the relationship of FIGS. 1A
and 1B. FIGS. 1A and 1B are diagrams showing components
of a communications system comprising a communications
manager that manages communication between users (e.g.,
subscribers) and systems (e.g., aircraft).

FIG. 2 is a flowchart showing a process performed by the
communications manager in accordance with one embodi-
ment whereby aircraft information requested in conflicting
messaging profiles can be modified (e.g., replaced or merged)
to resolve a conflict.

DETAILED DESCRIPTION

The following description refers to various processes that
are executed by one or more processors. These processes take
the form of software running on one or more computers. It
should be appreciated that the each disclosed process can be
executed by a respective processor or all processes can be
executed by one processor or any variation therebetween.

The communications manager disclosed in detail herein-
after is programmed to solve the problem of how multiple
users (applications, systems, etc.) can request information
from the same system of interest (e.g., an aircraft), while
ensuring that its information request does not impact other
users’ information requests. The communications manager
also comprises a process that enables users to request infor-
mation in a simplified, generic format, so that they do not
need to know the details of the system of interest they are
requesting information from, only the type of information
that is needed. The communications manager also ensures
that the information it sends to the requesting users contains
only the information that is relevant to each user; other, unre-
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4

quested information that may cause unintended conse-
quences to a user not expecting it is prohibited from being
sent.

FIG. 1 (comprising FIGS. 1A and 1B) shows respective
portions of a communications system comprising a computer
system programmed to manage communications between
users (e.g., subscribers) and systems (e.g., aircraft). That
computer system will be referred to hereinafter as the “com-
munications manager”. As used herein, the term “computer
system” means a system having at least one computer and/or
at least one processor, and which may have multiple comput-
ers and/or processors that communicate with at least one
other computer or processor in the group by means of a
network (wired or wireless) or a bus. As used in the preceding
sentence, the terms “computer’” and “processor” both refer to
devices having a processing unit (e.g., a central processing
unit) and some form of memory (i.e., computer-readable
medium) for storing a program which is readable by the
processing unit.

At a high level, FIGS. 1A and 1B show a communications
system comprising a communications manager in accordance
with one embodiment. The communications manager com-
prises a computer system programmed to execute multiple
processes that perform tasks in conjunction with one another.
These tasks are shown in FIGS. 1A and 1B.

Referring to FIG. 1A, there are a number of configuration
details of the communications manager (CM) that need to be
decided and input prior to the start of CM processing. Some of
the configuration data can also be changed dynamically at
run-time to adapt to changing situations as they arise. User
configuration data can be human input, retrieved from stored
data, or dynamically determined by the system based on
available data or other selection criteria. The user configura-
tion data 56 stores configuration data in a way that it is
accessible to all processes of the CM system. The stored
configuration data relates to more than just the users; some
configuration data relates to the systems of interest (SOI). The
stored configuration data includes, but is not limited to, cost-
ing information for messaging, specific configuration data for
the systems of interest that is necessary for format/capability
interactions (e.g., aircraft model, component versions, and
supported functionality details), SOI operator and operations
configuration details (e.g., if the system of interest is an
aircraft that belongs to a particular airline, this would include
information on preferred airline operating methods, known
limitations, scheduling information, etc.), user notification
preferences (how different users of the CM prefer to be made
aware of various alerts and information from the CM), lists of
systems of interest, SOI time expiration constraints and infor-
mation (i.e., when a system of interest stops being of interest),
etc.

The communications manager further comprises a current
SOI and related information database 8, which stores all
information about the current states of all systems of interest.
As new information about the systems of interest is received
by the communications manager, the current SOI and related
information database 8 will be updated by a status updater 6.
Updates may include new messages/information that are
received from the systems of interest. For example, if there is
periodic and event messaging in place with a system of inter-
est, then messages from that system of interest will be
received unsolicited. These messages contain updated infor-
mation concerning the latest status of that system of interest.
The current SOI and related information database 8 might
employ a software architecture that publishes updates to all
processes that are subscribers (meaning that subscribers need
not transmit requests for updates). The current SOI and
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related information database 8 includes a multitude of spe-
cific information related to the SOI. An example would be if
the SOI is an aircraft, the specific information may comprise
flight information. The flight information may include, but is
not limited to, aircraft-specific information (e.g., type-spe-
cific performance characteristics and parameters, messaging
capabilities, software capabilities, etc.), processed flight plan
and trajectory information (such as those received from a
flight plan processor system, trajectory predictor system,
etc.), surveillance data (e.g., radar, ADS-B, ADS-C, etc.),
airline preferences/adaptation data, aircraft-generated mes-
sages (including airline operational control (AOC), air traffic
services (ATS), and other types) and optionally multiple lev-
els of optimum flight trajectories for particular aircraft.

A user of the communications manager may input infor-
mation into the communications manager in different ways
via a message multiplexer 2. A messaging profile index
(MPI), messaging details (e.g., information by time, time
interval, event, location, or specific information type), or
management commands (e.g., add, monitor, delete, cancel)
are submitted by a user that desires communication with a
system of interest external to the communications manager.
Users of the communications manager have the option of
using any one of these types of input methods to request
information or manage the communications manager. Addi-
tionally, the input into the message multiplexer 2 may also be
from another communications manager. This would allow
communications managers to share information regarding
data, and message profiles for SOIs. The inputs are multi-
plexed into the communications manager.

The communications manager further comprises an input
manager 4 which processes each input. The input manager 4
passes the new user requests to the status updater 6, which
then updates and saves the information in the current SOl and
related information database 8. The input manager 4 also
determines whether the status of a current system of interest
should be updated or not. If an update is called for, the input
manager 4 passes this information to the status updater 6. The
input manager 4 also identifies any new systems of interest to
be added or current systems of interest to be removed from the
current SOI and related information database 8 and passes
that information to the status updater 6. If there is a user or a
system of interest that is completely new (i.e., has had no
previous interactions with the communications manager),
then these configuration details may also need to be added to
the configuration data 56. Thus the input manager 4 assists in
maintaining the integrity of the stored SOI and user data, and
ensures that the status updater 6 is supplied with information
needed to update the current SOI and related information
database 8.

Management commands (e.g., add, monitor, delete, can-
cel) are also handled by the input manager 4. These com-
mands are applicable to configuration data, current SOI infor-
mation and user requests. If a current system of interest is to
be changed, the input manager 4 passes on the information to
the status updater 6, which then updates the current SOI and
related information database 8. User configuration data may
also be changed in this way or changed directly by other
means. A user request may also be affected. For example, if
there are pending transactions (i.e., the “continued process-
ing” described below), these can be changed or canceled by
the input manager 4 sending an instruction to the processor
that runs the “continued processing” routines (e.g., process 40
seen in FIG. 1B and process 54 seen in FIG. 1A).

The communications manager further comprises an MPI/
input translator 14, which also receives the user requests from
the input multiplexer 2. The MPI/input translator 14 breaks
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6

down those inputs to see how each input would need to be
realized in order to meet the requirements of the user. The
term “break down” means that the input information is parsed
and potentially split into different data segments (depending
on the input information) in order to process the information.
This includes information that may already exist for the SOI
(e.g. information retrieval from Current SOI and Related
Information, 8). Systems of interest to users may also be
interacting with other external users. In this case, additional
messages may be received regarding a particular system of
interest that were not requested by the current user. These
messages may be useful or in conflict so they need to be
handled. As part of this process, the MPl/input translator 14
receives updates of SOI information from the current SOl and
related information database 8 to check for messaging lever-
age. (The term “message leveraging” means that information
from systems of interest or other sources can be used to
provide additional input to assist in determining the state of
the system of interest that is the subject of the user request
being processed.) The updates may be derived from new
information (see block 50 in FIG. 1A) received by the com-
munications manager, with new information possibly taking
the form of one or more of the following: responses to update
requests previously sent by the communications manager;
responses to prior requests from external users; updated posi-
tion or trajectory information, etc.

The MPIl/input translator 14 then determines, based on the
user request and all available information (including user
configuration data), the messaging profile, which identifies
the types of messages needed within the constraints of the
request and available information, as well as any parameters
that the messages will take such as triggering events, desired
contents to be returned, etc. Not all user requests will result in
new messaging with the SOI. If, on the one hand, a user
requests information which is already in the current SOI and
related information database and the MPI/input translator 14
determines that the available information satisfies the require-
ments of the user request being processed, then no message
requesting updated information will be constructed for that
user request. If information is required to be given to a user,
that information is packaged as the specific user expects itand
subsequently output to the user by output processor 10. If, on
the other hand, a user requests information that the MPI/input
translator 14 determines is not already available or covered by
messaging currently in place with the system of interest, then
anormalized messaging profile will be created with the inten-
tion that one or more messages requesting the necessary
information will be constructed (in accordance with the nor-
malized messaging profile) and sent to relevant systems of
interest.

A messaging profile is generally set by the ground system,
and depending on the types of messages chosen, may require
periodic queries, event-based messages or updates from the
ground system to interrogate aircraft or other systems of
interest. If the input is an MPI, the MPI/input translator 14
will manage the creation of the appropriate messaging profile
corresponding to that MPI value. If a change in the value of
the MP1 is required, this will likely require some action by the
communications manager to dynamically change the messag-
ing of an aircraft or other system of interest.

The messaging profile index can be a major factor in dic-
tating the messaging profiles, and allows a user to specify a
desired level of SOI information. In the case of aircraft,
changes in information provided may be due to changes to the
aircraft’s trajectory, be it from flight crew action, environ-
mental effect, aircraft design or air traffic control interven-
tion. The MPI can be thought of as a scale of accuracy, where
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more accuracy generally requires additional or different
information. More accuracy commonly requires a greater
level of messaging in order to provide the updated relevant
information to meet the desired MPI. This also generally
means an increase in cost.

The messaging profile can be applied to individual SOI or
to more than one SOI in a group(s). These groups can be
defined by potential influences and/or commonality in dis-
tance (e.g., from each other or from specific points), time,
path (e.g., flight path including altitude), SOI type, and other
factors. By grouping the SOlIs, the user can, at little or no
additional impact, receive more accurate information about
or from other SOI in the group. The fact that some of the
messaging may be shared between SOls (e.g., downlinked
meteorological information can apply to all of the aircraft in
a group, where the SOIs are composed of aircraft) is also
taken into consideration. In response to a user request for
information regarding a particular system of interest, the
MPU/input translator 14 checks the current SOI information
for other systems of interest and any information available
from other sources to determine if there is an opportunity to
define a group that will allow the available information to be
leveraged.

Referring to FIG. 1B, the normalized messaging profile
output by the MPl/input translator 14 is intended for eventual
use by a message constructor 44, which creates each message
in the specified format. These messages will be in the proper
format for the specific SOI, taking into account the SOI
capabilities, equipage and software loads. In the case where
an SOl is an aircraft, the messages may be a combination of
AOC and ATS message types, and may require repetitive
transmissions in order to receive the necessary data as dic-
tated by the user request. Additionally, the message construc-
tor 44 will handle any protocol necessary in order to subse-
quently handle the messaging (e.g., for a particular type of
messaging contract that will periodically require uplinks with
additional information). The messages requesting flight and
other information from information networks and systems of
interest 48, such as aircraft, are sent via a communications
gateway 46. But before a message can be constructed, the
updated messaging solution (as represented by the messaging
profile output by the MPI/input translator 14) undergoes fur-
ther processing, as described below.

Returning to FIG. 1A, after the MPl/input has been trans-
lated by the MPl/input translator 14, further processing takes
place to determine whether it is possible for the requested
information to be provided by the system of interest (step 16)
or not. In some cases, there may be data requested that is not
available or cannot be derived. For these cases, the requesting
user and/or the system operator will be notified (step 18).

Another feature of the communications manager, when an
MPI is being used, is to determine whether a next higher or
next lower MPI should be calculated or not (step 20). This
service may be used when the user is using the CM for
real-time efficiency monitoring and delta efficiency calcula-
tions between various user- or system-selected phases of
flight. A set of dynamic thresholds can be input into the
communications manager that will give the next higher and
lower messaging requirements for an MPIL, taking into
account key factors such as cost or performance limitations.
This means that if a user selects an MPI value of 6 (on a scale
of 1 to 10, 1 being lowest accuracy, 10 being highest), the
communications manager can show that in order to realize an
MPI value of 7, additional messaging is required at a particu-
lar cost and make that additional messaging at the additional
cost available to the user. Likewise, an MPI value of 5 might
result in less messaging or smaller message sizes with a

25

35

40

45

8

corresponding savings. The user can then decide whether the
additional messaging (and any changes resulting from it, e.g.,
increase in cost, increase in bandwidth utilization, etc.) is
worth the additional information that would result or not. The
user is also capable of manually initiating such a comparison,
and can also specify checking between multiple level difter-
ences (e.g., between MPI values of 2 and 7).

Ifa determination is made in step 20 that the next higher or
lower MPI should be calculated, the communications man-
ager determines what the costs and information are to achieve
the next higher or lower MPI (process 22). This information is
then provided to the originating user and/or the system opera-
tor (step 24). This allows a user to have a better idea of the cost
versus the capability that a different MPI value will provide.

Upon completion of the process comprising steps 20, 22
and 24, a conflict determination module 26 and its associated
support logic, shown in FIG. 1B, determine whether any
message conflicts exist (step 28 in FIG. 1B). More specifi-
cally, the communications manager examines existing mes-
sage contracts or configurations that the system of interest is
currently using to identify whether there is overlap/conflict
between the desired messages and those already being used
by other systems that are also communicating with the system
of interest or not. These overlaps/conflicts may exist with
other external systems that are communicating with the sys-
tem of interest (for example, a trajectory predictor). If these
systems communicate via the communications manager, then
messaging conflicts will be addressed. For example, assume
that the SOI is an aircraft, and that aircraft has a limited
reporting capability, e.g., a request from one user to receive a
status report from that aircraft two hours before arrival is
pending, and the request currently being processed requests a
status report from the same aircraft one hour before arrival.
Under those circumstances, if the aircraft reports at two hours
before arrival and can only send reports at five-hour intervals,
then the aircraft will be unable to respond to the current user
request for a status report one hour before arrival. The com-
munications manager will attempt to resolve conflicts in a
manner that optimizes the messaging that will be received by
users, and will subsequently create a messaging profile to
accommodate both users. This may be done by using inherent
functionality in the SOI or by the communications manager
performing additional processing in order to fulfill the need of
the multiple users.

If there is no overlap/conflict, then the message solution
can be implemented without affecting other users (i.e., go to
step 38). If an overlap/conflict is detected, the communica-
tions manager then determines whether the overlap/conflict
can be resolved without affecting existing messaging with
other users (step 30) or not. If the overlap/conflict can be
resolved without directly affecting other users’ needs, the
updated messaging solution is continued towards implemen-
tation (i.e., go to step 38).

If the overlap/conflict cannot be resolved without directly
affecting other users’ needs, then a determination is made
(process 32 in FIG. 1B) which of the following options should
be adopted: (1) merging of the two data sources; (2) modify-
ing the current messaging to support all the necessary infor-
mation exchange; or (3) notifying the user that no action has
been taken and that the user needs to make the decision on
how to proceed. The communications manager will attempt
to resolve the overlap/conflict by fusing the information
needs between the different messaging purposes, ensuring
that no changes are made to functionality that other systems
may need, e.g., when the system of interest is an aircraft, not
changing the triggering parameters of an expected message,
such as an ETA change threshold that has been set in an
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aircraft’s AOC messaging configuration. This is called a
“replan”, as the messaging solution will need to be changed
for multiple users. However, a replan should not affect the
type of information or information that is returned for users
that are not expecting a change to their messaging needs.

The conflict/replan properties (which are checked in pro-
cess 32) dictate how the communications manager will
attempt to resolve conflicts. Based on the conflict/replan
properties, a preferred solution option is selected. In accor-
dance with the options shown in FIG. 2 (described in detail
below), the conflict may be resolvable by merging or overrid-
ing SOI information as part of a replan. The basis for the
selection of a replan is CM user preference, which would be
specified as part of the user configuration data.

However, the selected replan may not provide a “full”
resolution, that is, the conflict may not be fully resolved by a
replan. For example, if there are some replacements in mes-
saging that are necessary, there may be some cases where
some data fidelity is lost with the solution and cannot be
accommodated by alternate messaging selections or with the
“continued processing” described further below. In this case
the contflict has not been fully resolved by the replan, so the
current messaging situation, including conflict and impact
information, may be indicated for additional action by the
user.

After a replan has been selected, the communications man-
ager determines whether the selected replan will resolve the
conflict (step 34 in FIG. 1B) or not. If the conflict is fully
resolved by the replan, then the updated messaging solution is
continued towards implementation (i.e., go to step 38). If the
conflict cannot be fully resolved by a replan, then the com-
munications manager will discontinue implementation of the
updated messaging solution for the user request in issue and
instead will construct a notification (process 36 in FIG. 1B) to
be sent to the user who submitted the request and/or the
system operator (step 18 in FIG. 1A). In accordance with the
process of step 2, the notice is constructed in a format that
identifies the conflict and then sets forth the impacts of per-
forming a change/replan (i.e., what information would be lost
or changed for which user). For example, if resolving a mes-
sage conflict with a particular solution means that some infor-
mation will not get reported to one or more of the users of the
data, these details would be listed in order to give the user
more context of the issue. In response to the notice from the
communications managet, the user may decide that this solu-
tion (reduced service for one user, full service for another, for
example) is preferable to other alternatives (full service for
one user, no service for another). So this solution, while not
fully resolving the conflict, may resolve most of it and be
subsequently selected by the user. The selected solution may
be re-input into the message multiplexer 2 as a new user
request or may be selected and processing continued as per
step 38 in FIG. 1B.

FIG. 2 shows a process performed by the communications
manager in accordance with one embodiment whereby air-
craft information requested in conflicting messaging profiles
can be modified (e.g., replaced or merged) to resolve a con-
flict. Different message conflict resolution options in accor-
dance with one embodiment are depicted. The choice will be
made based on selection rules that are configuration data.

In FIG. 2, the current SOI messaging details for one user
are shown as lines of lower-case letters “v”” or ‘“x”, while a
different user’s request is shown as lines of lower-case letters
“w” or “z”. (It should be appreciated that the letters do not
represent data content but rather strings of different letters
represent data sets.) In this example, the “v” information is in
conflict with the “w” information. More specifically, the rect-
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angles surrounding the “v” lines in the Current SOI Informa-
tion table and the rectangles surrounding the “w” lines in the
New SOI information Requested table represent information
that is in conflict, i.e., in order to get the information for both
users, one user’s desired information from the system of
interest will be impacted in some way (e.g., different param-
eters will need to be used, different timing, etc.). The diagram
then shows one of three options for responding to the conflict:
(1) a merging of the two data sources; (2) taking no action to
resolve the conflict between the two data sources and instead
notifying users; or (3) modifying the current messaging to
support all the necessary information exchange by overriding
the components in conflict.

In the example shown in FIG. 2, the “override” option
(shown in the lower left-hand corner of FIG. 2) involves the
conglomeration of the “x” data from the Current SOI Infor-
mation and the “w” and “z” data from the New SOI Informa-
tion Requested information (i.e., the “v” data from the Cur-
rent SOI Information is no longer used since it is also covered
by the “w” information). The result is new messaging in
which the conflict between the “v” and “w” information has
been resolved by substituting new requested information (the
“w” data) for old requested data (the “v” data”).

Inthe example shown in FIG. 2, the “merge” option (shown
in the lower right-hand corner of FIG. 2) involves the con-
glomeration of the “x” data from the Current SOI Information
data, the “z” data from the New SOI Information Requested
data, and “o0” data formed by merging (i.e., fusing) together
the “v”” and “w” data. The result is new messaging in which
the conflict between the “v” and “w” data has been resolved
by data fusion, i.e., elements of “v” data and elements of “w”
data have been selectively retained, and this new combined
messaging is represented as “o” data.

Once conflicts are addressed, a determination is made
whether “continued processing” should be initiated or not
(step 38 in FIG. 1B). The term “continued processing” refers
to additional steps performed by the communications man-
ager to ensure that information requested by a requesting user
is given to that user by the system of interest in accordance
with the terms of the request. Optionally, this may be done
due to a limitation in the system of interest, a limitation in the
communication medium, or some other reason. For example,
a system of interest that is an aircraft may only be able to
report on a single event. If multiple event reports are desired,
the communications manager will send a new event request
after receiving one event report.

If in step 38 a determination is made to not initiate contin-
ued processing, then the communications manager will create
an information package (see process 42 in FIG. 1B) in a
format acceptable to message constructor 44.

Ifthe message does require subsequent continued process-
ing action, rules for continued processing are established or
updated and the message is added to a “continued processing
list”. This is handled by process 40, which establishes a set of
rules for systems of interest so that the communications man-
ager can make the proper requests at the appropriate times in
order to have the SOI provide the necessary information.
Based on further external input or continuing internal com-
munications manager events (e.g., a timer expiring, since the
system of interest only has a limited time horizon), these rules
are continually updated and managed by process 40.

Once any continued processing requirements have been
determined, the information is then put into an information
package (process 42) having a format that is acceptable to the
message constructor 44. The message constructor 44 is a
process that takes the input from the communications man-
ager in a mutually understandable format and creates the
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actual correctly formatted message based on that informa-
tion. The message constructor 44 then transmits the message
out over the information networks and/or other media 48 via
a communications gateway 46 to the correct system of inter-
est. The communications gateway 46 handles the actual trans-
mission of the message. This includes using the appropriate
physical connection as well as ensuring that any higher level
associations (e.g., channels, sockets, etc.) are used correctly.
The communications gateway 46 can also serve as the front
end for receiving information from systems of interest. The
message constructor and communications gateway may be
considered as part of the communications manager in one
implementation, or in another implementation they may be
considered external to the communications manager.

As messages 50 (see FIG. 1A) are received by the commu-
nications managet, they are processed by the status updater 6.
The status updater 6 checks to see if there is new relevant data
for one of the systems of interest for which a user has
requested information. Any updates resulting from the mes-
sage are given to the current SOI and related information
database 8, which keeps all information about all systems of
interest for the communications manager.

Incoming messages are also checked against a “continued
processing” list (step 52) to determine whether their receipt
indicates additional action is necessary by updating the “con-
tinued processing” rules or not. If the message does not
require subsequent continued processing action, the commu-
nications manager simply waits for further inputs (step 56). If
the message does require subsequent continued processing
action, then process 54 tracks adherence to and updates the
attributes of the “continued processing” rules. If new messag-
ing needs to be created to support the continued processing, a
new input (i.e., request) is generated by process 54. These
updates/requests will be given to the MPI/input translator 14,
which treats the new requests in the same way as if it had
received a new input from an external user. In this way any
updates resulting from continued processing are subjected to
the same conflict checks to ensure that continued processing
does not unexpectedly change a user’s messaging.

The status updater 6 also monitors internal configuration
parameters, so that it can update SOI information asynchro-
nously (i.e., without external message input). This would be
the case, e.g., for a timer expiry. The processing for this type
of case is as described previously, i.e., it is the same as for
when an external message is received.

After the current SOI information for a system of interest
has been updated, the updating of the information may also
trigger a new messaging input requirement. This would be the
case when direct input into the configuration data of the
communications manager results in a messaging update. For
this case, the change will be evaluated and processed by the
MPU/input translator 14 as described previously to ensure that
no conflicts were introduced due to the change.

Once the current SOI information for a system of interest
has been updated, that information and its associated user
request(s) are sent from the current SOI and related informa-
tion database 8 to the output processor 10. The output pro-
cessor 10 determines whether the information that was
updated needs to be given to one or more of the users that have
requested information or not. If information is required to be
given to the user, that information is packaged in accordance
with the stored user configuration data associated with the
user who requested the information. The output processor 10
is also responsible for ensuring that information irrelevant to
a particular user is not given to that user, as irrelevant or
unexpected data may adversely impact that user’s operations.
The output processor 10 filters out the information to be
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included in the report to the user. For example, assume that the
following messaging conflict exists: (A) User A has requested
astatus report from a specific aircraft every S minutes; and (B)
User B has requested a status report from the same aircraft
every 10 minutes. If the communications manager has previ-
ously resolved this conflict by adopting 5-minute intervals
and discarding 10-minute intervals, then output processor 10
will send reports at S-minute intervals to User A, but will
apply filtering to ensure User B only receives every other one
of' the reports received by User A in order to comply with its
10-minute requirement. Upon completion of output process-
ing, the relevant information is output to the user in (step 12).

The above-described system provides a means by which
multiple users are able to communicate with the same
system(s) of interest without adversely impacting each oth-
er’s requirements.

While a communications manager has been described with
reference to various embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the teachings herein. In addition,
many modifications may be made to adapt the teachings
herein to a particular situation without departing from the
scope thereof. Therefore it is intended that the claims not be
limited to the particular embodiments disclosed.

The method claims set forth hereinafter should not be
construed to require that the steps recited therein be per-
formed in alphabetical order or in the order in which they are
recited. Nor should they be construed to exclude any portions
of two or more steps being performed concurrently or alter-
natingly.

The invention claimed is:

1. A communications management system for managing
requests made by users for flight information originated by
aircraft, comprising a computer system which is not disposed
onany one of the aircraft and which is programmed to execute
the following operations:

(a) store flight information representing data and the status
of various aircraft in a non-transitory tangible computer-
readable medium;

(b) receive user requests from one or more users seeking
flight information regarding an aircraft;

(c) determine whether a user request from a first user seeks
flight information that is stored in the non-transitory
tangible computer-readable medium or flight informa-
tion that is not stored in the non-transitory tangible com-
puter-readable medium;

(d) it a determination is made in operation (c) that the user
request from the first user secks flight information that is
not stored in the non-transitory tangible computer-read-
able medium, then create a messaging profile for mes-
saging to obtain flight information from at least said
aircraft;

(e) determine whether said messaging profile conflicts with
currently scheduled messaging requesting flight infor-
mation regarding said aircraft or not; and

(D it a determination is made in operation (e) that said
messaging profile is in conflict with currently scheduled
messaging requesting flight information regarding said
aircraft, then execute a conflict resolution process.

2. The system as recited in claim 1, wherein said conflict
resolution process is capable of determining whether the con-
flict can be resolved without affecting other messaging or not.

3. The system as recited in claim 2, wherein if said conflict
resolution process determines that the conflict cannot be
resolved without impacting other messaging, said conflict
resolution process is further capable of formulating a replan
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comprising a revised messaging profile, said replan being
formulated to optimize impacts on messaging for users and
the aircraft.

4. The system as recited in claim 3, wherein said formulat-
ing a replan comprises merging conflicting requests for flight
information, the results of said merger being included in said
revised messaging profile.

5. The system as recited in claim 3, wherein said formulat-
ing a replan comprises substituting one conflicting request for
flight information for another conflicting request for flight
information, the results of said substitution being included in
said revised messaging profile.

6. The system as recited in claim 3, wherein said conflict
resolution process is further capable of determining whether
the replan should be approved by the requesting user or not,
and if the replan should be approved by the requesting user,
then constructing a conflict notice message containing flight
information notifying the affected users of the conflict and the
impact of the replan on the flight information sought by the
requesting user.

7. The system as recited in claim 3, wherein said computer
system is further programmed to execute the following opera-
tions:

(g) construct one or more messages requesting flight infor-
mation in accordance with said revised messaging pro-
file; and

(h) send said one or more messages requesting flight infor-
mation to said aircraft and any more messages request-
ing flight information to one or more other aircraft.

8. The system as recited in claim 7, wherein said computer
system is further programmed to execute the following opera-
tions:

(1) receive flight information responsive to said sent mes-

sages;

(j) filter out from said received flight information any flight
information not relevant to the user requests of the one or
more users; and

(k) send the relevant flight information remaining after
filtering to the appropriate user.

9. The system as recited in claim 2, wherein said computer
system is further programmed to execute the following opera-
tions provided that said conflict resolution process has deter-
mined that the conflict can be resolved without impacting
other messaging:

(g) construct one or more messages requesting flight infor-

mation in accordance with said messaging profile; and

(h) send said one or more messages requesting information
to said aircraft and any more messages requesting flight
information to one or more other aircraft.

10. A communications management system for managing
requests made by users for flight information originated by
aircraft, comprising a computer system which is not disposed
onany one of the aircraft and which is programmed to execute
the following operations:

(a) store flight information of various aircraft in a non-

transitory tangible computer-readable medium;

(b) receive user requests from one or more users seeking
flight information regarding an aircraft;

(c) determine whether a user request from a user seeks
flight information that is stored in the non-transitory
tangible computer-readable medium or flight informa-
tion that is not stored in the non-transitory tangible com-
puter-readable medium;

(d) if a determination is made in operation (c) that a user
request seeks flight information that is not stored in the
non-transitory tangible computer-readable medium,
then create a messaging profile to update the current
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messaging and future messaging to obtain flight infor-
mation from at least said aircraft;

(e) construct one or more messages that will be used as the
current messaging requesting flight information;

(D) send said one or more messages requesting flight infor-
mation to said aircraft and any more messages request-
ing flight information to one or more other aircraft in
order to establish the current messaging;

(g) establish or update rules for continued processing of
said future messaging for one or more aircratt;

(h) construct one or more future messages requesting flight
information in accordance with said rules for continued
processing as appropriate; and

(1) send said one or more future messages requesting flight
information to said aircraft and any more future mes-
sages requesting flight information to one or more other
aircraft.

11. The system as recited in claim 10, wherein said com-
puter system is further programmed to execute the following
operations:

(j) determine whether said messaging profile conflicts with
currently scheduled messaging requesting flight infor-
mation regarding said aircraft or not; and

(k) if a determination is made in operation (j) that said
messaging profile is in conflict with currently scheduled
messaging regarding said aircraft, then formulate a
replan comprising a revised messaging profile, said
replan being formulated to optimize impacts on messag-
ing for users and said aircraft.

12. A method for managing requests made by users for

flight information originated by aircraft, comprising:

(a) storing flight information representing data and the
status of various aircraft in a non-transitory tangible
computer-readable medium;

(b) receiving user requests from one or more users seeking
flight information regarding an aircraft;

(c) determining whether a user request from a user seeks
flight information that is stored in the non-transitory
tangible computer-readable medium or flight informa-
tion that is not stored in the non-transitory tangible com-
puter-readable medium;

(d) creating a messaging profile for messaging to obtain
flight information from at least said aircraft if it was
determined that the user request from the user seeks
flight information that is not stored in the non-transitory
tangible computer-readable medium;

(e) determining whether said messaging profile conflicts
with currently scheduled messaging requesting flight
information regarding said aircraft or not; and

() executing a conflict resolution process if it was deter-
mined that said messaging profile is in conflict with
currently scheduled messaging requesting flight infor-
mation regarding said aircraft.

13. The method as recited in claim 12, wherein said conflict
resolution process comprises determining whether the con-
flict can be resolved without affecting other messaging or not.

14. The method as recited in claim 13, wherein if said
conflict resolution process determines that the conflict cannot
be resolved without impacting other messaging, said conflict
resolution process further comprises formulating a replan
comprising a revised messaging profile, said replan being
formulated to optimize impacts on messaging for users and
said aircraft.

15. The method as recited in claim 14, wherein said for-
mulating a replan comprises merging conflicting requests for
flight information, the results of said merger being included in
said revised messaging profile.



US 9,406,236 B1

15

16. The method as recited in claim 14, wherein said for-
mulating a replan comprises substituting one conflicting
request for flight information for another conflicting request
for flight information, the results of said substitution being
included in said revised messaging profile.

17. The method as recited in claim 14, wherein said conflict
resolution process further comprises determining whether the
replan should be approved by the requesting user or not, and
if the replan should be approved by the requesting user, then
constructing a conflict notice message containing informa-
tion notifying the affected users of the conflict and the impact
of the replan on flight information sought by the requesting
user.

18. The method as recited in claim 14, further comprising:

(g) constructing one or more messages requesting flight

information in accordance with said revised messaging
profile; and

(h) sending said one or more messages requesting flight

information to said aircraft and any more messages
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requesting flight information to one or more other air-
craft.

19. The method as recited in claim 18, further comprising:

(1) receiving flight information responsive to said sent mes-
sages;

(j) filtering out from said received flight information any
flight information not relevant to the user requests; and

(k) sending the relevant flight information remaining after
filtering to the appropriate user.

20. The method as recited in claim 13, further comprising:

(g) constructing one or more messages requesting flight
information in accordance with said messaging profile;
and

(h) sending said one or more messages requesting flight
information to said aircraft and any more messages
requesting flight information to one or more other air-
craft.



